Abstract
INTRODUCTION

25
The world's expanding population and the knock on effect of rapid growth in cities as well as 26 development in infrastructures has led to a significant increase in construction and demolition waste 27 (C&DW). In the EU member states, the high amount of C&DW generated each year and their low 28 recycling ratios have become a major economic and environmental concern for governments, as a result in turn is a result of the acceleration of the hydration process by chloride ions input [31, 32] . The 75 compressive strength differences between the use of either freshwater or seawater in the concrete mix also 76 becomes less significant at long-term exposures [27] .
77
The principle negative aspect concerning the use of seawater in concrete production is its influence on 78 durability properties. Seawater, containing dissolved salts such as chloride, sulphate and magnesium, may 79 produce chemical attacks, physical changes on microstructure and expansions [33, 34] . Otsuki et al. [31] 80 recommended the use of blast-furnace slag (BFS) cement in the mix in order to achieve lower 81 permeability and low water-cement ratios as countermeasures against the seawater presence. Besides the 82 negative influence of seawater on durability, Nishida [27] and Otsuki [31] affirmed, that with respect to 83 chloride diffusion, the effect of the binder type used had a greater influence than that of the type of 84 mixing water employed, at least during the initial stages of the concretes' life. However, over time an 85 increase in chloride ion penetration would cause a significant decrease in the binding capacity, thus 86 leading to the same durability issues.
87
This study aims to encourage the use of recycled aggregate and seawater in the manufacturing of plain 88 concrete for port applications such as pavements and dyke blocks. According to the Port of Barcelona's
89
Technical Specifications, the obligatory requirements for the production of concrete dyke blocks is a 
95
aggregates for MRA in order to analyse the most critical cases. In the concretes' hardened state, both
96
types of cement were mixed with each type of water and with varying replacement ratios of 0%, 20%,
97
50% and 100% of coarse MRA in replacement of natural aggregates. The physical properties (density,
98
water absorption and permeable pore volume), mechanical properties (compressive strength, flexural 99 strength and modulus of elasticity) and drying shrinkage were determined.
100
EXPERIMENTAL PHASE
124
The percentage of gypsum contained in the MRA was lower than that of the 1.5% recommended by
125
Agrela et al. [3] ; unfortunately, however, it had a higher sulphate content than the maximum permitted by
126
the Spanish Structural concrete code (0.8%) [29] . Nevertheless, according to our research, the use of 127 sulphate resistant (SR) cement in concrete production minimizes the possibility of a sulphate attack that 128 may be produced by the gypsum within the aggregate [38] .
129
The density and water absorption (BS- fraction (see Table 3 ). The MRA showed lower density and abrasion resistance, and a higher absorption 
137
In this study, seawater directly sourced from the Port of Barcelona was used for concrete mixing in order
138
to analyse its effect on RACs. RACs were also produced using freshwater from the mains supply 139 network. The setting time and shrinkage tests conducted using 0% and 100% replacement ratios were carried out 170 in order to analyse the most critical cases.
171
Setting time
172
The setting times of the concrete mixtures were determined in accordance with ASTM C 
201
Mechanical properties
202
The compressive strength, flexural strength and modulus of elasticity were determined in all concretes.
203
The 
208
laboratory specimens of 100x100x400 and three cylindrical core specimens ø100 x200 mm, respectively.
209
The testing of the concretes' mechanical properties was carried out via the use of a compression machine
210
with a loading capacity of 3000kN.
212 213
Drying shrinkage
214
It is known that autogenous shrinkage is more relevant in concretes with low water-binder ratio and with
215
high amounts of cement such as high-performance concrete, in which self-desiccation is much greater 
232
A setting time test was conducted on concretes with MRA replacement ratios of 0% and 100% for all the 233 series and its results are shown in Table 6 . The use of MRA produced similar initial setting times and
234
considerably longer final setting times than those of natural aggregates for a given concrete series. The
235
RAC with 100% of MRA produced on average a 10% longer final setting times than NAC concretes.
236
According to Pepe et al.
[56], it was found that the extra amount of water in RAC plays a significant role 
241
Initial and final setting times of concretes produced using seawater were reduced in averages of 21% and
242
16%, respectively with respect to those of concretes produced employing freshwater. 
253
The use of BFS cement instead of just OPC produced significant delays of 35% in the initial, and 31% in 254 the final setting times when freshwater was used for concrete production, however, the initial setting time 
290
The results obtained from testing dry density, water absorption and permeable porosity are shown in 291 
299
The lowest water absorption capacity for a given ratio of aggregate replacement was achieved by the 300 concretes produced employing seawater and BFS cement. It was observed that an increase of MRA 301 content greatly influenced water absorption (see Table 3 ). The water absorption capacity of concretes 302 produced using 100% of MRA being between 62-97% higher than those of NAC for a given series.
303
As 
316
Compressive strength 317 
319
MRA suffered the highest reduction in compressive strength with respect to that of NAC concrete.
320
Concretes produced employing seawater obtained a higher compressive strength than those produced with 321 freshwater.
322
However, at 28 days of age, all concretes fulfilled the Port of Barcelona's Technical Requirements
323
Specifications of (30 MPa) minimum compressive strength, in compliance with their use in the 324 production of plain concrete dyke blocks.
As can be observed in Figure 4, 
346
As detailed in Figure 4 , the water type used had no influence on the increase of compressive strength over 347 a period of 7-28 days.
348
With respect to the use of seawater for concrete production, various comparative studies concretes produced with freshwater (see Table 7 ). However, unlike the comparative studies previously 355 mentioned, in this case the development of the compressive strength was similar to that of concretes
356
produced with seawater or freshwater.
358
Flexural strength 359 Table 8 shows that concretes produced with MRA had similar or even higher flexural strength than 360 natural aggregates concretes. The reason for this higher flexural strength is that it has a higher dependence 361 on the aggregates' properties (maximum particle size, particle shape or flakiness index) and on the quality 
366
An analysis of the flexural strength results contained in 
375
Modulus of elasticity
376
The results of the modulus of elasticity of each type of concretes are shown in 
390
The drying shrinkage test measurements began 3 days after casting. Figure 5 
CONCLUSIONS
422
The following conclusions can be made based on the results of this study:
423
According to fresh state properties of concretes:
424
-The concrete's setting time was increased by using recycled aggregates, as those aggregates
425
contained a higher amount of absorbed water than natural aggregates. The setting time was
426
reduced by using seawater which produced a quick initial setting.
427
-The low initial hydration process of BFS cement, combined with seawater and recycled
428
aggregates achieved a similar initial and final setting instant to that of conventional concrete 429 produced with OPC cement, freshwater and natural aggregates.
430
-The plastic shrinkage was lower when concretes were produced employing recycled aggregates
431
and seawater. The concretes produced with BFS cement employing recycled aggregates 432 achieved the lowest plastic shrinkage.
433
According to hardened state properties of concretes:
434
-The use of recycled aggregates increase the absorption capacity of concretes, however this can 435 be reduced by means of using BFS cement with seawater in concrete production.
436
-The compressive strength and the modulus of elasticity were notably reduced by increasing the
437
MRA content in concrete production. However the use of MRA produced higher or similar 
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